Introduction
The sphenoid bone lies at the base of the skull between the frontal, temporal and occipital bones. It has a central body, paired greater and lesser wings that spread laterally from the body, and two pterygoid processes that extend vertically downward from the junction of the root of greater wing and Foramen ovale is an oval shaped opening, placed obliquely in the base of the skull. It is situated in the greater wing of sphenoid bone, close to the upper end of posterior margin of lateral pterygoid plate, medial to foramen spinosum and lateral to the foramen lacerum [1] . It connects the middle cranial fossa to the infratemporal fossa and transmits the mandibular nerve, accessory meningeal artery, lesser petrosal nerve, and emissary vein. Understanding the accurate location and dimensions of foramen ovale plays a vital role during certain diagnostic and surgical procedures like electroencephalographic analysis, microvascular decompression by percutaneous trigeminal rhizotomy, and percutaneous biopsy of cavernous sinus tumors [6, 7] .
The ossified ligaments of the inferior surface of the sphenoid bone which exist close to the foramen ovale have been described in several studies [8, 9] . The pterygospinous ligament (Civinini's ligament) is formed by the pterygoid fascia which runs between the posterior margin of the lateral plate of the pterygoid process and the angular spine of the undersurface of the greater wing of the sphenoid bone. Ossification of the pterygospinous ligament forms a bony bridge (Civinini's bar) that connects the spine of the sphenoid with the inferior surface of the greater wing, to create the pterygospinous foramen (Civinini's foramen) [8] . The ossification of the pterygospinous ligament may entrap the neurovascular structures and this may be an obstacle for the mandibular nerve block [10] .
The pterygoalar ligament (Hyrtl-Calori's ligament) is a thin bundle of dense connective tissue extending from the root of the lateral plate of pterygoid process to the infratemporal surface of the greater wing [11] . Ossification of the pterygoalar ligament results in the appearance of a bony bridge, called the pterygoalar bar, which occasionally forms a pterygoalar foramen (porus crotaphitico-buccinatorius) [12] . The existence of the pterygoalar bar has great clinical importance, as it can be responsible for the compression of the branches of the mandibular division of the trigeminal nerve [13] .
These osseous variations may be important in clinical practice, either by producing various neurological disturbances [14] , or by blocking the passage of a needle through the foramen ovale [8] . Transovale and intracisternal injections for trigeminal neuralgia may not be successful, due to an osseous bar that can hinder the horizontal transzygomatic method [15] .
Therefore, the aims of this study were (1) to carry out morphometric analysis of the lateral plate of the pterygoid process, (2) to investigate, for the first time among Koreans, the incidence of the pterygospinous and pterygoalar bony bridges, (3) to compare the results with those available for other regional populations, and (4) to discuss their clinical relevance as described on literatures.
Materials and Methods
One hundred and forty-two Korean adult dry skulls of unspecified sex and age were obtained from the Department of Oral Anatomy, School of Dentistry, Pusan National University and Department of Anatomy, College of Medicine, The Catholic University of Korea. Skulls that showed evidence of obvious trauma or pathological conditions were excluded. Two hundred and eighty-four sides were observed for the incidence of both pterygospinous and pterygoalar bars and foramina. The gross appearance of the structures and their relations to foramen ovale were observed and photographs were taken. The criteria used to evaluate the existence of the pterygospinous and pterygoalar bridges was that of Hauser and De Stefano [16] and Peker et al. [17] . By modifying their methods, the classification was made, according to the degree of ossification of the ligaments between the bones, as follows ( Fig. 1): (1) Incomplete: elongation of the tubercles or spines, on one or both ones of the ligamentous attachments.
(2) Complete: fusion between the elongated tubercles or spines, thus yielding a foramen.
For the morphometric analysis of the lateral plate of the pterygoid process and nearby structures, five items were measured using 0.01 mm sensitive digital caliper (model CD-15CP, Mitutoyo, Kawasaki, Japan). Descriptions for all 5 measurements of the skull are given in Fig. 2 
Statistical analysis
Left and right asymmetry of the categorical variables was investigated using the unpaired Student's t test and their correlation was examined using Pearson's correlation. Statistical analysis was performed using SPSS version 15.0 (PASW Statistics 18, SPSS Inc., Chicago, IL, USA) and the level of significance was set at P<0.05. 
Results

Morphometry of the lateral plate of pterygoid process
The results of all measurements on the lateral plate of the pterygoid process and its neighboring structures are shown in Table 2 . The mean of maximum widths of the left and right lateral plates of the pterygoid process were 15.99 mm and 16.27 mm, respectively. The mean of maximum heights of the left and right lateral plates were 31.02 mm and 31.01 mm, respectively. There were four sides of the skulls (1.4%) that had enlarged lateral plates with a width over 25 mm (range, 25.94 to 30.23 mm), two unilateral and one bilateral. The mean distance between the spine of the sphenoid bone and the posterior margin of the lateral pterygoid plate was 10.22 mm on left side and 10.79 mm on right side. The mean distance from the center of foramen ovale to the orifice of the vomerorostral canal on midline of the skull was 27.20 mm on left and 26.66 mm on right, and the mean distance from center of the foramen ovale to the root of zygomatic arch was 33.34 mm on left and 33.88 mm on right.
Through Student's t test for the comparison of the right and left, statistically significant differences in two items, d and e (Table 2) were observed. The distance from the center of foramen ovale to the orifice of the vomerorostral canal (d) on the left was longer than that of the right, and the distance from the center of foramen ovale to the root of zygomatic arch (e) on the right was longer than that of the left. In Table 3 .
Ossified pterygospinous ligament
The ossified pterygospinous ligament was observed in 51 sides of the skulls (18.0%). The ossification was complete in four sides (1.4%), two unilaterally and one bilaterally (Fig.  3B) . In 47 sides of the skulls (16.6%), the pterygospinous bridge was incomplete, 23 unilaterally and 12 bilaterally (Fig.  3A) . There was no statistically significant difference between the existence of the ossified pterygospinous ligament and the sides of the skulls (P=0.792). The data are summarized in Tables 4 and 5 .
Ossified pterygoalar ligament
The ossified pterygoalar ligament was observed in 24 sides of the skulls (8.4%). The ossification was complete in eight sides (2.8%), and all of them were unilateral (Fig. 4B) . In 16 sides (5.6%), the pterygoalar bridge was incomplete, 10 unilateral and 3 bilateral (Fig. 4A) . There was no statistically significant difference between the existence of the ossified pterygoalar ligament and the sides of the skulls (P=0.647).
The data are summarized in Tables 4 and 5 .
Discussion
The lateral plate of the pterygoid process forms the medial wall of the infratemporal fossa. Elongation of the lateral plate of the pterygoid process could result in weakening of the medial pterygoid muscle and paresthesia of the inner aspect of the cheek [18] . Also, compression of the lingual nerve by the elongated lateral plate could lead to a weakening of taste transmission from the taste buds located on the anterior two thirds of the tongue [19] . In case of extremely large lateral plate, the lingual and inferior alveolar nerves in the region of the infratemporal fossa are forced to take a long curved course, following the shape of the enlarged plate. During contraction of the pterygoid muscles, both nerves can be compressed [18] . Krmpotic-Nemanic et al. [19] observed that the appearance of the large lateral plate was in general unilateral. In three out of 142 examined dry skulls, lateral plates of the pterygoid process were measured to be over 25 mm and considered enlarged for this study. The anatomical study of Skrzat et al. [20] proposed that the elongation of the lateral pterygoid plate could result in weakening of the Values are presented as number of observations (%). medial pterygoid muscle and paresthesia of the buccal region. The lateral plate of the pterygoid process forms an important landmark for mandibular anesthesia and any anomaly is bound to confuse anesthetists [18] . Therefore, a wider lateral pterygoid plate may pose difficulty for surgeons exploring the para-and retro-pharyngeal space [21] . The sphenoid bone presents a series of intrinsic ligaments such as interclinoid, caroticoclinoid, pterygospinous, and pterygoalar ligaments [22] . Italian anatomist F. Civinini (1805-1844) first described and named the term pterygospinous ligament or ligament of Civinini. The ossified ligament projects as a bar medially, laterally or sometimes across the foramen ovale and may interfere with percutaneous injections into the trigeminal ganglion [10] . The pterygospinous bridge passes medially to the foramen spinosum and crosses the foramen ovale at an angle of 20 o to 40 o to the sagittal plane [23] . Rouviere and Delmas [24] stated that the pterygospinous ligament divides the sphenomandibular ligament into two independent parts, of which the interpterygoid fascia is thin. Lateral to the interpterygoid fascia is another fibrous sheet inserted in the greater wing of the sphenoid bone and the superior segment of the posterior edge of the lateral plate of the pterygoid process. Its superior edge becomes flat and forms an innominate ligament as described by Hyrtl in 1862 [25] , and posteriorly called pterygoalar ligament which when it is ossified, molds the pterygoalar foramen [13] . The ossification of these ligaments with different clinical implications has been reported variously. The present study analyzed the presence of complete or incomplete ossification of the pterygospinous and pterygoalar ligaments. These formations occupy a deep and high portion in the infratemporal fossa, establishing important relationships with the mandibular nerve and its branches, the otic ganglion, the middle meningeal artery and vein, the tympanic nerve, and the medial and lateral pterygoid muscles [22] . These are compressed against the bone formations and are capable of generating clinically important alterations [8, 26] . Pterygospinous ligaments are fibrous bands formed by thickened cranial part of fascia located between the lateral and medial pterygoid muscles.
There are several reports in the literature that indicate the frequency and types of the pterygospinous and pterygoalar bridges in different populations, and the results from the comparison among populations are summarized in Table 6 . Lepp and Sandner [27] reported that these ossified ligaments were present in about 8%-10% of the population and that the pterygoalar ligament was ossified more often than the pterygospinous ligament. In this study, the complete pterygoalar bridge (2.8%) was observed more often than the pterygospinous bridge (1.4%), whereas the incomplete pterygospinous bridge (16.6%) was seen more frequently than the pterygoalar bridge (5.6%). Kapur et al. [5] observed complete pterygospinous bridges in 1.2% of the examined Croatian skulls and incomplete ones in 5.4%, while Peker et al. [17] in an Anatolian population observed 5.6% and 12.3%, respectively. Moreover, Antonopoulou et al. [13] observed 2% and 25%, respectively, in Greek population. In this study of a Korean population, complete pterygospinous bridges were found in 1.4% and incomplete ones in 16.6%. This result seems to be lower than the figures obtained in Antonopoulou et al.'s study [13] of the Greek population and similar to the results of Croatian population of Kapur et al. [5] and Anatolians of Peker et al. [17] . For pterygoalar bridges, Peker et al. [17] observed complete ones in 4.9% and incomplete ones in 5.1% of the Anatolian skulls. In contrast, Kapur et al. [5] in a Croatian population and Pinar et al. [28] in Turkish reported a lower frequency for both the complete (2.4% and 1.1%) and incomplete pterygoalar bridges (4.4% and 4.98%), respectively. In this study, complete pterygoalar bridges were found in 2.8% of the skulls and incomplete bridges in 5.6%. Overall, data from several studies show that the incidence of complete and incomplete pterygoalar bridge is variable and lies among the range between 0.98% to 5.5% and 3.6% to 8%, respectively. Within this range, the percentages for both the complete and incomplete pterygoalar bridges of Koreans were in the average ( Table 6 ). The presence of these ossified formations at the lateral surface of the lateral pterygoid plate may impede access to the foramen ovale during induction of anesthesia of the trigeminal nerve [5] . The pterygoalar ligament can potentially press on the deep temporal, lateral pterygoid and buccal nerves (branches of the anterior trunk of the mandibular division of the trigeminal nerve), and on branches of the auriculotemporal nerve [19] . Such compression may cause chewing disorders, pain, numbness of the buccal region and changes to the parotid gland salivation [17] .
In conclusion, a detailed analysis of the lateral plate of the pterygoid process and related ossification of ligaments inserted can improve our understanding of the complex clinical neuralgias affecting this region. This study was done in the hopes for improving the effectiveness of surgical and anesthetic procedures.
